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SUMMARY

It is shown that simultaneous observations of the magnetic
field and of space plasma at time of SC on 27 March 1961 satisfy the
conditions at the front of an inclined magnetohydrodynamic shock wave.
This constitutes an argwment in favor of this sudden commencement being
induced by a shock wave. It is assumed that the sharp decrease of the
magnetic field in space during the SC of 2 December 1963 was conditioned
by the pascage of a tangential break, having formed at supersonic flow
in interplanetary plasma of a corpusculer flux with force-free magnetic
field.

One of the hypotheses, currently drawn from for the explanation
of SC of magnetic storms, is the assumption that .these SC are caused by
shock waves [1].To verify this hypothesis by direct method we may uti-
lize the simultaneous observations of the magnetic field and plasma in
space at time of SC concurrently with the the correlations, linking the
quantities at shock wave front. If, as result, the observed values satisfy
these correlations, it can be used as an argument in favor of the shock
wave hypothesis, as the cause of sudden commencements. However, it should

be borne in mind during such a verification, that if shock waves exist

* OB INTERPRETATSII NABLYUDENIY VNEZAYANYKH NACHAL MAGHITNYKH BUR!' V
KOSMICHESKONM PROSTRANSTVE ,



they constitute specific collisionless shock waves, and the correlations
at their fronts, may, generally speaking, differ from those in standard
magnetohydrodynamic shock waves occurring on account of collision dissi-
pation.

The deriving of correlations at the front of a collisionless
shock wave is one of the problems of collisionless plasma physics, and
its solution is at present available only in some particular cases.

Thus, correlations at the front of a perpendicular wave within the bounds
of strong shock waves were obtained in [2]. In the work [3] were obtained
correlations at the front of a weak slant wave moving in a "cold" plasma,
that is, a plasma where the gas pressure is less than the magnetic pressure.
The striking feature of the solutions obtained is the fact, that they
coincide in shape with the correlations at the fromt of standard hydro-
magnetic shock waves, with the exception that instead of instantaneous
values of the gquantities behind the front, their mean values are used,

This circumstance generated the assumption, that the conditions at front

in collisionless plasma coincide also for slant shock waves with the con-
ditions for standard hydromagnetic waves as well as in form; (see [4—63.
These conditions are particularly well utilized in [6] for the analysis

of physical conditions behind the front of an outgone shock wave, occurring
at plasma supersonic flow past the Earth's magnettsphere. It appears to be
possible to utilize the same conditions for the analysis of sudden commence-
ments in space,

If it is found that the quantities, observed prior to SC and im-
mediately afterward, satisfy the correlations at the front of a strong
slant magnetohydrodynamic shock wave, the fact could serve as an argument
to the effect that SC are induced by shock waves, and thus, the result
of the very strict conclusion in regard to conditions at front of a strong
slant collisionless shock wave will be anticipated.

Let us utilize here the conditioms at front of a slant shock wave
and the method for their solution according to [7], alongside with the

well known data of observations of SC in space [8 — 13], lLet us, first of

all, provide a characteristic to the experimental material. Five cases
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of SC observations in space to which SC on Earth's surface were comparedy
have been presented in literature. These data are inhomogenous from the
standpoint of observations, as well as publications. Thus, during the SC
of 27 March 1961, absolute observations of the magnetic field were con-
ducted and the plasma flux was measured; at the same time, it was possible
to judge on the magnitude and direction of plasma velocity and of its
concentration. Full information on the magnetic field, prior and after
SC, and the full data on plasma flux msgnitude after SC in several bands
are presented in the works [8,9]. These data are of better value to this
work than those of other obeservations. Indeed, at time of SC on 30 Noven-
ber 1961, Explorer-XII was situated between the outgone wave and the
boundary of the magnetosphere in a rerion, where the fluctuations of the
magnetic field were of the order of its variation during SC [ll],which
did not allow to register the SC in the magnetic field.
Observation data on SC of
7 October and 4 December 1962

on Mariner-2 do not include the

x o

conplete information on the mage
netic field, since no absolute
mezsurements of the radial com-

ponent of the magnetic field

(along the line Sun-rocket) were

2’ z’ conducted in that experiment [14].
Observation data of the SC on
Fizel 2 December 1963 on Explorer-XVIII
include the complete information on the magnetic field [13].However, we
were not made avare to-date of publication of dafa on plasma during that
SC. Analysis of observations of the SC of 27 March 1961 on Explorer-X
is presented below.

According to L7], the conditions on a slant shock wave, written
in dimensionless form and in a system of coordinates xyz(Fig.l),in
which the motion on both sides of the shock front is plane (the origin
is placed on the shock front, the axis x is directed along the external

normal to the front, the axis y is directed zalong the tangential component



of the magnetic field and the noint { moves along the front with a
velocity Vou, where Voxr 1is the z-component of plasma velocity akead of

the shock front), have the form

(he— ) {(y— 1) 2 + (2 — V)haZ +1) — 1)
—2{hZ2 — (h + YPy — 1)Z — hg}) = 0, @)
n="h~Z+1/mZ+1,
=P Mtk @
]
vxi.’=h2fh1/ﬂhz-h;, (4)
V' — Uy =ha— b/ Uxs", ()

where h,0,P,v" are dimensionless quantities, equal to [*]

where H,‘p, ir,p are respectively the magnetic field, the density, the velo-
city and thé pressure of the plasma. The index 1 takes, respectively
ahead and behimd the front, the values of 1 and 2. Note that

p(=n¢kT¢, p¢=niM, Vi='—(D—'v0()1 (7)

where n,T are the temperature and concentrztion of plasma; M is the mass
of a proton; D and Vo, are respectively the velocity of the shock front
and of the plasma in a svstem of coordinates, fixed relative to the satel-
lite, and whose axes are parallel to the corresponding axes of the system
Xy s.

The conditions (1) — (5) are supplemented by the condition of nor-
mel component contimuity, which is easier to utilize by writing it with
the 2id of dimensionzl ruentities

Hy=Ha=H,. . @)

Let us admit the following order of resolution of conditions
(1) = (5), (8). The quantities Hyi, Hy, ny, Ty, Voix, Voy, V. are considered
given; then, the guantities searched for and determined by (1) — (5)
will be 72, T3, D, va. Subsequently, by the computed values of nm;, va and Tp
we shall estimate the plasma flux immediately after the SC and compare
it with the observed flux., If the computed and the observed fluxes, rés-
sectively 8 and So are close in magnitude, it may serve as an argument
to the effect that the SC of 27 March 1961 was caused by a shock wave,

[.]‘ insert at the end of line 10 page 4:

- Hy P _ Anp . Vil4mpy)'h
hi—"ﬁ‘;‘v "I——-";;, Py= H:' Vi =—f (6)
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We shall determine preliminarily Hyi, He, oty Doty and Ve
through the directly observed quantities H,, Hs, ¢y, Oy, 2, 02, Vo (Vo is taken
redially directed from the Sun, which should not lead to a significant
error in the direction of plasma velocity [9],Fig.1).Evidently,

H, = Hy(lde + mimz + niny), Hy= Hi(ldy + mimy +niny),  (9)

where Li' m, ,n; are the directing cosines of the vectors Hy and Hy in the
svstem of coordinates x'y'z'(Fig.1l), of which the origin is on the satel-
lite, the axis x' is directed at the Sun, the axis 2' at the South pole
of the ecliptic (the angles @, ¥ are given in that system of coordinates);
Iz, Mz, Bz, by, My, Ny are the directing cosines of axes x (normals to the
shock wave front) and y (tangential component of the megnetic field) in
the system of coordinates x' y'=z'. It is evident that

l=cos@cos®, m=sinq@cos?d, n==sind. (10)

By the strength of the condition (8)the perturbation vector of
the magnetic field
h=H,— H, (11)

collinear with the tangential componente of the field Hvi’ wkhich gives

— Hyms — H Hong — H
lv______.____E’hAE‘l" mv=__’£'=_T__'L"i, "v=“—;‘ﬂ’j—‘ﬂ” (12)

A= {(Hzlz—HJg)’ + (Hama — Hymy)? 4 (Hane — Hiny)?} .
The condition
H,=Hi—-ﬂw (13)
allows to determine the directing cosines of the normal to the shock wave
front

g Him—H, " Hyny —H
l,=H"’BH"’l'- ,,,:____1”35_1*_"_‘!,, m=_‘_§_1L"l, (14)

B= {(H,i, — Huly)* + (Homy — Hymy)? + (Hing — Hyny)?}

-

The directing cosines of the external normal are either chosen
by the results (14), or by the variation by 180° of the direction so as
to satisfy the obvious physical condition that the shock wave has a radial

velocity component directed from the Sun. It is evident that the velocity



conponents ahead of the shock wave are

votx = Vot (lelo + mamy, + neny),
vory = vor(lylo + mymy + nyny), (15)
Doty = Vot (lxlv + m:My + nlnﬂ)’

where Iy, My, Bs  are the direction cosines of v given in the form

) a'’
lo=—1, mMy=ny=0; L, m;; 7. are the direction cosines of the axis =
in the system of coordinates xy £.They may be determined through the

Eiler angles
!, = sin 8 cos ¥, m, = —sin 0 cos ¥, n. = cos®. (16)

The Eiler angles (8 is the mutation angle, V¥ is the precession
angle and @ is the angle of the specific rotation) are in their turn

determined by the known myy D, ny

mx == sin ¥ cos @ + cos 6 cos ¥ sin P,
nx = sin 0 sin ®, n, = sin 0 cos Q. (17

Therefore, &y, H:, Hyp, Vaiz, Vo, Vo1z are determined with the help of
(9) - (17), and the quantities ny, Ty, V,, are given as the average for
two hours prior the SC [9]. hy and P, are determined on the basis of (6).
The condition (1) allows the finding of Z.- 4, Py, v. are respectively found
on the basis of (2) — (4), Formulas (6), (7) allow the finding of nz, T3, D, vy.,
Finally, we find "ozy by (5) and (6).

We shall estimate the plasma flux immediately after SC by the
formula

S = mugcosa, - (18)

where & is the anpgle between the vector w,_ and the normal m to the

02
trzp inlet ,
08 @ == lyaly + MuMmn + No2nia. - (19)

The direction cosines of plasma velocity behind the front are

)/ ’ ' ’
o0 =22 gl (20)
U Vo : Vo :

h

Veoy' = VoexMz + VozyiNy + VeasMy, (21‘)
Vg’ = Vpexix + Vgeyly + VgeiNz, :

3 2 2
ve = (Ve + Uiy + Vo), Verr = Vots.



(primes indicate that the components of velocity are considered in the
system of coordinates x',y'z') ; ln, m s By are the direction cosines of
the normal to the inlet of the trap

ln == €08 On C08 B, Mn = sin Pa coS Bn, Ny = sin O, (22)

where @a, ¥n are the angles determining the position of the normal a in
space, when it is closest to the direction antiparallel to the velocity Yo2
(these angles are determined according to Fig. 12 of [9], when the angles
@, and Yy , defining this antiparallel direction are known).

The angles ¢, and \7\, are determined from the conditions

—lya == €0S @y €08 By, —M 2 = sin @y €08 By, —ny2 == sin B. (23)

Let us bring forth numerical values for the considered case of SC
(27 March 1961)., The initial data are

Hy =y, 1= 20°, 0, = 45°, M= (4 1) ex3; vy = (280 + 20) wn/sec;
Hy =22y, g2 =35, 0 = 20°, y= 1.6.

The quantities determined on the basis of (8)— (17) are

— = ——0,28, lv == 0,72, = 01661
—my = 0’26, my = 0,70, m; = _"0966!
—ny == —0,93, ny = —0,02, n; — —0,37s

H! = 8v5 Y, . Hvi == 7?1 ’ Hﬁ = 20?; Ugtx = 78, Doty = '—202,
Doy = — 185 nu/ see.
The cuantities, computed on the basis of (1)~ (17) znd (19)-(21)

are

lp=—089, I»=—089, ny=9cxu>, D =328 nn/sce.
mep= 024 m,=—016, T»=1,0-10% a=52°, -
ne=—038, n,=034  ve=2324 sM/s« §=18-108 ca?/sec.

The computed value of the flux is ~1.8 «108 cn? s'ec'l, while
that, observed immediately after SC, was ~ 2.6 ¢ 108 cm? sec™ [9],

that is, a good agreement exists between the computed and the observed
values. The discrepancy between them is within the limits of precision

of the determination of S by (18). Indeed, the error of the latter is
equal to the sum of the errors of n,, \702 and cos @€, But these last

ones are at least egual réspectively to the mean errors of ny, VOj.. va‘n,d \1'01
that is, according to [9], 25, 7 and 7 percent, which gives to the mean

random error S a value equal to 40 percent. This means, that during the
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calculation of the flux by (18), we may obtain a value deflecting from
the observed one by *1, which agrees with the deflection value of the ‘
computed flux from the observed one, equal to 0.8.

Thus, simultaneous observations of the magnetic field and plasma in
space during SC of 27 March 1961 satisfy the conditions at the front of a
slant shock wave, This means, that the sudden commencement was induced by
the shock wave.

It should, however, be noted, that experimental as well as theoreti-
cal data are presently available, showing that SC in space are not only in-
duced by shock waves but also by certain other causes. Thus, space observa-
tions during the SC of 2 December 1963 [13] cannot be understood within
the framework of the theoretical scheme based upon the assumption of the
shock wave, as during that SC, a sign change of the magnetic field was ob-
served, whereas in a collisionless plasma, just as is the case in standard
magnetohydrodynamics, only sl:iock waves, in which the sign of the tangential

component of the megnetic field is invariable, are evolutionary.

In connection witl thims considerable interest is aroused by the
hypothesis of corpuscular streams with force-free magnetic fields, according
to which [15] SC set in =space at time of flux's own magnetic field passage
through the place of satellite or rocket location. At the same time, depend-
ing upon the orientation of the stream's field at time of SC, increase or
decrease of the magnetic field can be observed, which provides the possibi-
1lity to explain the fact of field decrease at time of SC on 2 December 1963.
Concretizing this hypothesis in the part referring to SC, one may notice,
that inasmuch as the corpuscular stream with its own field move at supersonic
velocity, all the phenomena observed in the near-Earth space can be also
observed in its vicinity, that is, such phenomenas as the formation of a
sharp boundary between the magnetic field of the stream and the interplane-
tary plasma and the formation of the outgone wave, .

The satellite (rocket) encounter with the outgoe shock wave and
the tangential breask at the boundary plasma — stream's magnetic field, can
lead to sharp variations of the observed magnetic field, interpreted as
sudden commencements and sudden impulses. The SC of 2 December 1963, in
particular, could have occurred as a result of passage of the tangential



break. On such a break the condition of equality of the generalized
pressure on both sides of the break must be satisfied [?7]l.That is why
in the presence of data on plasma during the SC of 12 December 1963, a

direct verification of this assumption can be made.

The author extends his thanks to Yu.D.Kalinin, V,I.Afanas'yeva,
E.I ., Mogilevsky and A, D, Shevnin for discussing separate questions.

P THE END sen
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